A comparison of floral development in Gillenia (Rosaceae subfamily ''Spiraeoideae'') with that in seven genera in subfamily Maloideae was undertaken to ascertain similarities between Maloideae and Gillenia floral development, as well as to ascertain the developmental basis for variation in mature Maloideae floral morphology. The analysis also sought information regarding the initiation and development of the syncarpous hypanthial ovary that is encountered in the majority of Maloideae taxa. While most taxa in this study initiated 20 stamens in three pentamerous whorls, flowers of Chaenomeles and Mespilus each initiated more than three whorls of stamens. Development of the gynoecium in all taxa was preceded by a ring primordium in the Maloideae and a flat-topped primordium in Gillenia. Individual gynoecial units formed on these primordia and in all taxa except Cotoneaster remained connate throughout development. Except in Gillenia, intercalary growth beneath the common insertion point of the gynoecial primordia and adjacent hypanthium is responsible for adnation of the ovary wall and hypanthium observed in mature flowers. Ovule initiation and development for most taxa, including Gillenia, results in a pair of collateral, anatropous, and apitropic ovules, each associated with a funicular obturator. Two ovules were also initiated collaterally in Mespilus and Crataegus, but in these genera they subsequently become superposed. Multiple ovule primordia are initiated in Chaenomeles and Sorbus, but only Chaenomeles had more than two ovules at maturity. The results of this study are discussed in terms of previous studies of floral development in the Rosaceae and previous hypotheses regarding the origin of subfamily Maloideae from a Gillenia ancestor.
Introduction
Subfamily Maloideae C. Weber is one of the more intriguing groups of the Rosaceae not only because of the wide range of economically and ecologically important taxa, including Amelanchier (shadbush), Cotoneaster, Crataegus (hawthorns), Malus (apples), Pyrus (pears), and Sorbus (mountain ashes), but also for the frequency of intergeneric hybrids, compatibility of intergeneric grafts, and high incidence of polyploidy and apomixis (Campbell et al. 1991; Phipps et al. 1991; Robertson et al. 1991) . Traditionally, Maloideae have been viewed as quite distinct from the other three Rosaceae subfamilies (Rosoideae, Amygdaloideae, and ''Spiraeoideae'') because of their base chromosome number of x¼17, syncarpous ovaries, epigynous flowers, and fleshy fruits derived from the hypanthial ovary (Leins 1972; Rohrer et al. 1994; Zomlefer 1994) , characters traditionally used to maintain a monophyletic subfamily Maloideae (Rehder 1940; Hutchinson 1964; Phipps et al. 1991) . Despite the apparent homogeneity of Maloideae floral morphology, an analysis of their flowers demonstrated that the degree to which their mature gynoecial units are joined to each other (connation) and to the hypanthium (adnation) is quite variable (Rohrer et al. 1994 ). Other floral characters that differ within the subfamily are stamen number, ovule number, and ovule position within the locule (Rohrer et al. 1994) .
Recent analyses of molecular data bring into question the circumscription of the Maloideae because both chloroplast- (Morgan et al. 1994 ) and nuclear-derived (Campbell et al. 1995; Evans et al. 2000; Evans and Campbell 2002) sequence data place dry-fruited ''Spiraeoid'' genera (Gillenia [x¼9] , Kageneckia [x¼17] , Lindleya [x¼17], and Vauquelinia [x¼15]) within a clade (Maloideae sensu lato) that includes all traditional Maloideae genera (i.e., Maloideae s.str.). In particular, sequences of the low copy number nuclear gene GBSSI (granule-bound starch synthase) point to a hypothesized origin for Maloideae s.l. (including Kageneckia, Lindleya, and Vauquelinia) from ancestors of the genus Gillenia (''Spiraeoideae''; x¼9) (Evans and Campbell 2002) . In what follows, we will use ''Maloideae'' to refer to Maloideae s.str. plus Gillenia, Kageneckia, Lindleya, and Vauquelinia.
Here we seek to compare floral development across a sample from this phylogenetically defined group, the Maloideae. Previous analyses of floral development in Maloideae s.str. typically dealt with either single genera or a few species in a genus (Payer 1857; Church 1908; Steeves and Steeves 1990; Steeves et al. 1991; Evans and Dickinson 1996) . The exception is the family-wide study by Kania (1973) that included nine Maloideae genera and nine ''Spiraeoideae.'' None of the other studies discuss the development of Maloideae flowers in a comparative context. Floral development of Gillenia and seven Maloideae s.str. and results from a previous analysis of Vauquelinia (Evans and Dickinson 1999b) are described here to answer the following questions: (1) Is gynoecium initiation and development homologous in Maloideae? (2) Does development of epigyny differ among Maloideae genera? (3) Does ovule initiation and development differ between Maloideae? (4) How does the development of Maloideae flowers compare with that of other Rosaceae?
Material and Methods
Developing inflorescences and flowers were collected from cultivated and wild-collected plants at intervals that varied from a single collection to ones made on a weekly or biweekly basis (table 1). All collections were fixed in 70% formalin-acetic-alcohol (FAA). Flowering and fruiting voucher specimens for each taxon are deposited in the Green Plant Herbarium (TRT), Royal Ontario Museum. Techniques and equipment used in preparing and analyzing samples, including scanning electron microscopy (SEM), embedding in plastic and paraffin, sectioning, and staining follow those used previously (Evans and Dickinson 1999a) .
All SEM images for Maloideae s.str. taxa were viewed at 10 kV and photographed on a Hitachi S-2500 SEM with Kodak TRI-X Pan film. Film negatives were developed into black and white prints and scanned at 300 dpi on an Epson Expression 1640XL. Gillenia images were captured digitally with a JEOL JSM-5900LV SEM at 10 kV. Light micrographs were captured digitally with a SPOTII digital camera on a Zeiss Axioplan 2 compound microscope. All images were labeled and organized into plates using CorelDRAW 10.41 (Corel Corporation).
Results

Mature Morphology
Inflorescences of Maloideae typically terminate short shoots borne laterally on long shoots. The mature inflorescence morphology of the genera studied here vary from single flowers (Mespilus) to many-flowered cymes or panicles (Chaenomeles, Cotoneaster, Gillenia, Photinia, Rhaphiolepis, and Sorbus). Maloideae flowers are similar in morphology to those of other Rosaceae inasmuch as they are actinomorphic, perfect, and possess a hypanthium on which the perianth and androecium are inserted. For the most part, corollas comprise five free white petals that, when open, are reflexed perpendicular to the long axis of the flower at anthesis. Petals in Chaenomeles and Cotoneaster, however, are pink to red in color and are erect at anthesis. Stamen number in taxa studied here is typically 20, with flowers of Mespilus and Chaenomeles having 30 or more, respectively (table 2) . A nectary on the inner 
Organogenesis
Gillenia. Early stages of inflorescence development in
Gillenia are comparable to those observed in other ''Spiraeoideae.'' Because Gillenia is an herbaceous perennial that dies back to the ground each winter, the first stages of development do not appear until after short shoots expand in the spring. The paniculate inflorescences of Gillenia, like those of many other Rosaceae, originate with the acropetal, spiral initiation of bracts on the short shoot apex, followed by initiation of a single floral apex in the axil of each bract ( fig. 2A ). Following the initiation of bracts, the apical meristem is transformed into a terminal flower, whose development precedes that of flowers below it on the young inflorescence ( fig.  2A ). All axillary floral apices first develop a pair of lateral bracteoles before initiation of any floral appendages ( fig. 2A , 2B), and further initiation of floral apices in the axil of the bracteoles may occur ( fig. 2B ). Sepal and petal initiation in Gillenia is typically rosaceous, with five sepal primordia being initiated on the floral apex in a two/five phyllotactic pattern ( fig. 2B, 2C ). Although initially separate, the sepal bases become united by intercalary growth below their bases ( fig. 2D ). It is at this point that five petal primordia appear simultaneously on the margin of the floral apex, alternating with each of the developing sepal primordia ( fig. 2D ).
Stamen initiation in Gillenia begins with five antesepalous pairs of primordia being initiated on the margin of the floral apex alternating with the five petal primordia ( fig. 2E ). Following initiation of the first whorl of stamens, the floral apex appears cup shaped, as intercalary growth below the insertion point of the sepals, petals, and first whorl of stamen primordia produces the early stages of hypanthium development ( fig. 2E) . A second whorl of five stamens is initiated antepetalously on the margin of the floral apex at the same time as the early stages of a common gynoecial primordium are visible in the center of the floral apex ( fig. 2F) . A final whorl of five stamens is initiated antesepalously between the members of the first whorl of stamens and slightly below the level of the second whorl of stamens ( fig. 3A) . fig. 2F ). This pad of cells develops through periclinal divisions below the surface of the floral apex ( fig. 3B ) and initiates five antesepalous gynoecial units by localized cell division along the dorsal margin ( fig.  3 ). Once the gynoecial units are initiated, they remain continuous at their bases adaxially ( fig. 3D; fig. 4A, 4C ) through to maturity. Prior to the initiation of ovule primordia, a furrow develops in the adaxial face of each gynoecial unit that corresponds to the early stages of locule development.
Ovule initiation is first apparent following the differentiation of ovaries and styles from each gynoecial unit ( fig. 4B) . In each ovary, a pair of collateral ovule primordia is initiated at the base of the ovary on a placenta that develops from the ventral margins of each ovary ( fig. 4B, 4C ). As each ovule primordium develops, it initiates a nucellus, inner and outer integuments, and a funiculus, whose early development results in curvature of the ovule toward the floral apex ( fig.  4D ). A papillate funicular obturator develops at the base of each funiculus. At maturity, the obturator will be in close proximity to the ovule micropyle after enclosure of the nucellus by the two integuments ( fig. 4D ).
Organ initiation and development in the taxa in Maloideae s.str. in this study are quite similar. For this reason, results for Photinia villosa will provide the basic plan for inflorescence and floral development in these genera. These will be followed by details of departures from this plan.
Photinia. Development of inflorescences in Photinia is first observed in the autumn prior to flowering. Photinia inflorescence development follows the same pattern as observed in other rosaceous genera, with the acropetal initiation of spirally arranged bracts from an inflorescence apex in the axils of which a single meristem is initiated ( fig. 5A ). Following initiation of bract primordia, the inflorescence apex becomes a terminal flower, thus transforming an initially polytelic inflorescence into a monotelic one. All axillary meristems on the inflorescence develop into floral apices that initiate a pair of lateral bracteoles prior to the initiation of other floral organs ( fig. 5A ). Further initiation of floral meristems is observed in the axils of the bracteoles of the axillary flowers ( fig. 5B ). When mature, these three flowers form a dichasial subunit of the inflorescence. Initiation of bracteolate axillary flowers diminishes acropetally with increased proximity to the terminal flower ( fig. 5A ). Development of the terminal flower appears more rapid than adjacent flowers, as sepal and petal primordia are visible on the terminal floral apex (fig. 5A) before they appear on lateral apices. Sepals in Photinia, as well as all other taxa examined here, are initiated in a two/five phyllotactic pattern, with the first sepal being initiated more or less opposite one of the lateral bracteoles ( fig. 5B ). Initial growth of the sepal primordia is apical and results in a ring of triangular primordia surrounding the floral apex ( fig. 5C ). Initiation of petal primordia in Photinia is typically rosaceous, inasmuch as five petal primordia are initiated simultaneously on the margin of the floral apex, alternating with the developing sepal primordia ( fig. 5C ).
Stamen initiation in Photinia begins with five pairs of antesepalous primordia alternating with the petal primordia on the outer margin of the floral apex ( fig. 5D ). This coincides with early development of the hypanthium as intercalary growth occurs below the bases of the sepals, and petal and stamen primordia appear situated on the inner surface of the cup-shaped floral apex ( fig. 5D ). The second whorl of stamens comprises five antepetalous primordia initiated on the inner surface of the concave floral apex ( fig. 5E ). This whorl is quickly followed by a third whorl of five stamen primordia that are initiated at the same level as the second whorl, but they are initiated antesepalously and between the members of the first whorl of stamens ( fig. 5E ).
Early gynoecial development in Photinia consists of initiation of a ring primordium in the center of the floral apex ( fig.  5F ). Individual gynoecial units develop from the ring primordium through localized cell divisions on the apex ( fig. 6A ). As the gynoecium continues to develop, intercalary growth at the base of the units maintains connation between the primordia and results in fusion of the styles when they differentiate from the apex of each gynoecial unit ( fig. 6A, 6B ). Although the developing gynoecium appears to be free of the hypanthium early in its development ( fig. 6A ), later stages of development reveal that adnation between the dorsal margin of gynoecial units and the hypanthium has occurred through intercalary growth below both the bases of the gynoecial units and the developing hypanthium ( fig. 6B ). This initial lack of adnation between gynoecium and hypanthium, coupled with early growth of the gynoecium, results in the ovary of Photinia being less than fully adnate to the hypanthium at maturity ( fig. 1A ).
Ovule primordia first appear when the gynoecial units have differentiated a style and begin to form stigmas on their apices ( fig. 6B ). A pair of ovule primordia is initiated from placentae near the base of the ovary locule on the ventral margins of the ovary wall ( fig. 6B ). Early growth of the ovule primordia occurs apically and away from the floral apex. The funiculus of each ovule begins to curve back toward the base of the locule when outer and inner integuments are visible around the developing nucellus ( fig. 6C ). Further development of the funiculus involves the initiation of a papillate obturator near its base and additional curvature toward the base of the locule ( fig.  6D, 6E ). When the ovules are mature, the inner and outer Fig. 2 Scanning electron micrographs of inflorescence and early floral development in Gillenia. A, Gillenia inflorescence following the development of a terminal flower. Floral apices at various developmental stages are visible in the axils of removed bracts, the more basal of which have initiated lateral bracteoles. B, Abaxial view of a floral apex in the early stages of initiating sepals in a two/five phyllotactic pattern (K 1 and K 2 ). Floral apices can be observed in the early stages of development in the axils of bracteoles. C, Abaxial view of floral apex following the initiation of five sepals (K 1 -K 5 ) in a two/five phyllotactic pattern. D, Abaxial view of floral apex following the initiation on the margin of the floral apex of five petal primordia alternating with the sepal primordia. E, Abaxial view of partially dissected flower following the initiation of five antesepalous pairs of stamen primordia (A 1 ) on the margin of a slightly upturned floral apex. Evidence of early hypanthium development is apparent from a slight concavity of the floral apex and intercalary growth below the petal and stamen primordial. F, Abaxial view of a partially dissected flower following the initiation of five antepetalous stamen primordia (A 2 ) below the petal primordia and alternating with the first whorl (A 1 ). Also visible is a central ring of cells, which signals early initiation of the gynoecium. 
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integuments envelop the nucellus, but the inner integument is still visible in the opening of the outer integument ( fig. 6F) . Furthermore, complete curvature of the funiculus results in apitropic ovules, whose mature papillate funicular obturators are in close proximity to the micropyle ( fig. 6F ).
Variations in Floral Development Observed in
Other Maloideae Taxa
Inflorescence development. Although appearing generally uniform at maturity, differences in early inflorescence development were observed for the taxa examined here. Inflorescence development in Chaenomeles speciosa appears racemose because the earliest available stage of inflorescence development has a cluster of three flowers that have been initiated acropetally, below a partially dissected apical residuum at the apex of the small inflorescence ( fig. 7A ). Each floral apex, having been initiated in the axil of a subtending bract, also has a pair of bracteoles initiated on its lateral flanks ( fig.  7A ). At maturity, Chaenomeles inflorescences appear as a few-flowered axillary cluster due to a lack of peduncle and pedicel elongation during inflorescence development. 
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Inflorescences of Cotoneaster apiculatus are also more simplified than those of Photinia. Flower number in C. apiculatus inflorescences is rarely more than five, with individual floral apices initiated in the axils of bracts ( fig. 7B ). Prior to the initiation of floral organs, a pair of bracteoles is initiated on the lateral flanks of the floral apex ( fig. 7B) . Although not shown, the apex of Cotoneaster inflorescences observed in this study terminated with a flower and therefore follows the basic plan of determinate, or monotelic, inflorescences.
Inflorescences of Rhaphiolepis indica and Rhaphiolepis umbellata are similar to Photinia, with the development of floral apices in the axils of helically initiated bracts, differentiation of the inflorescence apex into a terminal flower, and the initiation of bracteoles on the lateral flanks of the axillary flowers ( fig. 7C ). Rhaphiolepis inflorescence development differs, however, as initiation of floral apices in the axils of bracteoles was not observed (fig. 7C, 7D) .
Inflorescences of Sorbus americana displayed the greatest departure from those of Photinia not only in relative size and complexity but also in the manner in which they are constructed. Each Sorbus inflorescence comprises a number of partial inflorescences ( fig. 7E, 7F ). Early stages of Sorbus inflorescence development were difficult to obtain because the tight packing of large inflorescence bracts around the developing inflorescence units distorted the multiple young floral apices ( fig. 7E ). In the axil of each large bract are a number of individual floral apices, each subtended by a secondary bract and grouped to form an inflorescence unit ( fig. 7E ). Floral apex development and initiation, although somewhat random, appears to be corymb-or umbel-like in development. The difficulty in determining the exact development of each ''unit'' stems from their close packing on the inflorescence. What is apparent is the lack of bracteole initiation and, therefore, development of bracteolate axillary flowers.
Stamen initiation. Stamen number in the Maloideae genera studied here is typically 20 (table 2). Departures from that number, whether higher or lower, are a direct consequence of the number of stamen whorls initiated. In Chaenomeles and Mespilus, the number of stamens per flower can be 30 or more (table 2) . Following the initiation of the first 20 stamens (10 antesepalous, five antepetalous, five antesepalous), stamen initiation continues in the flowers of Chaenomeles ( fig. 8A, 8B) and Mespilus ( fig. 8C, 8D) . A fourth whorl of 10 stamens is initiated in both taxa on the margin of the floral apex just below and alternate to the stamens in the second and third whorls ( fig. 8A, 8D ). In Chaenomeles, this pattern continues and results in a wall of stamens inserted along the developing hypanthium between the petals and the top of the developing gynoecium ( fig. 8B ). Stamen number in Rhaphiolepis varies between 15 and 20 (table 2). In flowers that only contained 15 stamens, it was the loss of the third whorl of five stamens that resulted in fewer stamens at maturity (not shown).
Gynoecium initiation and development. Early development of the gynoecium in all Maloideae s.str. studied here involved initiation of a ring primordium in the center of the floral apex ( fig. 5F; fig. 8A, 8C; fig. 9 ). Variation in mature gynoecial morphology among these taxa was due to the relative extent to which localized growth on the ring primordium apex, intercalary growth below the common bases of the gynoecial units, and adnation with the hypanthium and subsequent intercalary growth occurred as the gynoecia of the taxa studied developed. For example, mature gynoecia in Chaenomeles flowers are fully adnate to the hypanthium, are connate for their entire length, and have styles that are fused at their bases. This pattern is apparent early in gynoecial development, with significant intercalary growth below the common base of the gynoecial primordia, as well as uplifting of the dorsal margin of each ovary by the elongating hypanthium ( fig. 8B ). Gynoecia in Cotoneaster are also fully adnate to the hypanthium but have ovaries that are free from one another ( fig. 9B) .
Ovule initiation and development. Ovules of all genera in this study, except Chaenomeles and Sorbus, are initiated as a collateral pair of primordia near the base of the ventral ovary margin. Ovules in Crataegus and Mespilus, like those of Photinia, are initiated near the base of the ventral ovary margin ( fig. 10A ). Although initially collateral ( fig. 10A,  10B ), the funiculus of one ovule elongates beyond that of the other, resulting in superposition of the ovules ( fig. 10C ). Mature ovules of Crataegus and Mespilus are apitropic, and the micropyle of the bottommost ovule is more closely associated with its papillate funicular obturator than the upper ovule ( fig. 10D ). The funiculus of the upper ovule also develops an obturator, but the elongate funiculus means that there is no association between the micropyle of the upper ovule and its obturator ( fig. 10D ). Scanning electron micrographs of gynoecium and ovule development in Photinia. A, Abaxial view of dissected flower following differentiation of three individual gynoecial primordia on the ring primordium. Note that the gynoecial primordia remain connate along their lateral margins (arrowheads) and that the primordia are free of the developing hypanthium. B, Abaxial view of dissected flower with two collateral ovule primordia visible near the base of the locule on the ventral ovary margin. Stigmas and styles have differentiated from the free portions of each gynoecial unit but remain fused partway up the developing styles above the developing ovary (arrowhead). Note that adnation between the developing ovary and elongating hypanthium has resulted in a partially epigynous flower. C, Abaxial view of locule containing two collateral ovules. Elongation of the funiculus raises the developing nucellus and inner and outer integuments away from the floral apex. D, Longitudinally dissected flower with papillate stigmas on top of elongate styles that are fused at their bases (arrowhead). A funicular obturator can be seen at the base of each developing ovule. E, Abaxial view of two collateral ovules, each with a funicular obturator. Curvature of the funiculus causes the ovules to grow toward the floral apex and will result in ovules that are anatropous and apitropic at maturity. F, Abaxial view of two mature ovules from adjacent locules. Each ovule is anatropous, apitropic, and has a micropyle formed by the inner integument that is visible outside of the outer integument and is closely associated with the funicular obturator.
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Ovule initiation in S. americana differs from that in Photinia through the acropetal initiation of two pairs of collateral ovule primordia ( fig. 11A ). Although four ovules per locule is common, some locules contain only two or three ovules (e.g., fig. 11B ). Development of the ovule pairs is asynchronous, with the lower pair of ovules more advanced than the upper ( fig. 11A-11C ). This asynchronous development appears to result in the lower pair of ovules being the only ovules within the locule at maturity (fig. 11C, 11D) . However, some locules may contain superposed ovules ( fig. 11D ). The initiation of four ovule primordia and their selective abortion (not observed) stands alone in the Maloideae, as all other biovulate taxa are the result of initiation and development of two ovule primordia.
The multiovulate ovaries of Chaenomeles begin with the initiation of a large placenta on the ventral ovary margin that extends the length of the locule (fig. 12A ). Ovule primordia are initiated along the length of the placenta, and their initial growth is perpendicular to the ovary margin (fig.  12B ); as they develop, their funiculi curve back toward the ventral ovary margin ( fig. 12C ). At maturity, a file of pleurotropic ovules lines the length of each ventral ovary margin. Associated with the micropyle of each ovule is a marginal obturator, differentiated from cells on the ventral margin wall that extends the length of the locule ( fig. 12D ).
Discussion
The questions addressed in this study stemmed from our desire to understand the implications of molecular phylogenies that indicate Maloideae (x¼15, 17) arose from exclusively dry-fruited ''Spiraeoid'' ancestors shared with Gillenia (x¼9). From such apparent humble beginnings, Maloideae appear to represent a highly successful radiation within Rosaceae. It is tempting to ascribe this success at least in part to the acquisition in most, but not all, genera of a fleshy fruit derived from the hypanthial ovary. Similarly, one might interpret the data on placentation and ovule development as representing experimentation within ''Spiraeoid'' ancestors, the portion with collateral ovules giving rise to the Maloideae. Rohrer et al. (1994) , in a study of 200 Maloideae species, determined that floral morphology in Maloideae is far more diverse than indicated by traditional analyses. The primary goal of our study was to obtain comparative floral development data to ascertain the role played by ontogenetic processes in determining the mature morphology of flowers in a range of Maloideae genera. Comparative ontogenetic data are especially important in view of the phylogenetic data becoming available and the paucity of data available for a subfamily of ca. 30 genera comprising roughly 1000 species. The only previous study to comparatively examine floral development in a wide range of Rosaceae, particularly the Maloideae, was that of Kania (1973) . His analysis of floral ontogeny in 52 rosaceous species, including nine Maloideae, allowed him to reach general conclusions about patterns of floral development within the Rosaceae, hypothesize a close relationship between subfamilies Maloideae and ''Spiraeoideae,'' and comment on the mechanism for epigyny in the Maloideae. Other studies of Maloideae floral development also attempted to describe the developmental basis for epigyny in the Maloideae (Church 1908; Steeves et al. 1991 ) but examined only a limited number of species. Nevertheless, Steeves et al. (1991) concluded that a comparative study of a wide range of Maloideae taxa might yield insights into ontogenetic changes involved in the evolution of the inferior ovary.
Maloideae Gynoecium Initiation
The genera of the Maloideae studied here, and earlier (Crataegus and Vauquelinia; Evans and Dickinson 1996, 1999b) , as well as some ''spiraeoid'' genera (Sorbaria, Physocarpus; Evans and Dickinson 1999b), exhibit a continuous ring-shaped primordium on the floral apex at the earliest stage of gynoecial initiation ( fig. 3A, 3B; fig. 5F ; fig. 8A, 8C ; fig. 9 ). Prior to these studies, this pattern of gynoecium development had not been described in floral development analyses of Rosaceae, and in particular Maloideae (Church 1908; Kania 1973; Steeves et al. 1991) . Steeves et al. (1991) described the initiation of Amelanchier alnifolia gynoecial primordia as distinct and being raised on a common base soon after their initiation. However, Steeves et al. (1991) illustrate stages of early gynoecium development that may be interpreted as initiation of gynoecial units, following differential growth on the apex of a ring primordium (Evans and Dickinson 1996, their figs. 27, 30; Evans and Dickinson 1999b, their fig. 19.93; and herein fig. 3D, 3E ; figs. 6A, 8D, 9B). 
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Origin of Ovary Connation and Epigyny
Depending on the extent and timing of intercalary growth below the common bases of the gynoecial units and the hypanthium, varying degrees of connation and epigyny are produced (Rohrer et al. 1994) . For example, in Cotoneaster ( fig.  1C) , initiation of the ring primordium is followed by differential apical growth at two points, which gives rise to two separate gynoecial units ( fig. 9B) . A lack of intercalary growth below their common insertion base results in ovaries that are free from each other at maturity ( fig. 1C) . At the same time, intercalary growth does occur beneath the dorsal portions of the gynoecial units and the adjacent hypanthium, so that at maturity the two ovaries are completely integrated with the hypanthium (fig. 1C) . A 4 ) and a gynoecial ring primordium that is adnate along its dorsal margin with the hypanthium. B, Abaxial view of Chaenomeles flower with multiple whorls of developing stamens. Note connation of adjacent gynoecial units (arrowhead) and adnation with the hypanthium. Free portions of the gynoecial units above the zone of connation will form the stigma and free portion of the fused styles. C, Terminal view of Mespilus flower following the initiation of three whorls of stamen primordia (A 1 -A 3 ) and a gynoecial ring primordium around the margin of the floral apex. Individual gynoecial primordia, whose dorsal margins are adnate to the hypanthium and whose lateral margins are connate, are visible on the ring primordium. D, Terminal view of Mespilus flower following the initiation of a fourth stamen whorl (A 4 ) comprised of 10 primordia. Developing gynoecial primordia remain laterally connate and dorsally adnate to the hypanthium (arrowhead).
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The developmental basis for epigyny in Maloideae studied thus far lies in the continuity of the dorsal portion of the ring primordium with the ventral surface of the developing hypanthium ( fig. 5F; fig. 8A, 8C; fig. 9 ). As the hypanthium continues to elongate throughout floral development, the dorsal margin of each ovary is uplifted to form the inferior or hypanthial ovary (Leins 1972; Kania 1973;  fig. 13 ). Although mature flowers of Photinia and Sorbus appear to have partially inferior ovaries at maturity (fig. 1A, 1F) , the dorsal margins of their ring primordia appear continuous with the elongating hypanthium early in development (figs. 5F, 9D). Therefore, their partially inferior ovaries at anthesis may be a result of the upper free portions of developing gynoecial units growing at a faster rate than lower epigynous portions. Such differential growth rates between ''superior'' and ''inferior'' portions of developing flowers have been observed in Fig. 9 Scanning electron micrographs of gynoecial ring primordium initiation in Photinia floribunda, Cotoneaster, Rhaphiolepis, and Sorbus. A, Abaxial view of P. floribunda flower with gynoecial ring primordium on the margin of the floral apex and adnate to the hypanthium. B, Abaxial view of Cotoneaster flower following differentiation of two gynoecial primordia from a ring primordium. Note that the gynoecial primordia are connate only near the base of their lateral margins. The dorsal margin of each gynoecial primordium is adnate to the hypanthium. C, Abaxial view of Rhaphiolepis flower with gynoecial ring primordium on the margin of the floral apex. The ring primordium is adnate to the hypanthium and follows the initiation of the second whorl of five antepetalous stamens (A 2 ). D, Abaxial view of Sorbus flower with three whorls of stamen primordia (A 1 -A 3 ) and a gynoecial ring primordium that is adnate to the hypanthium.
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developmentally epigynous flowers of the Saxifragaceae that appear to have ''pseudosuperior'' flowers at anthesis (Kuzoff et al. 2001) .
Maloideae Ovule Initiation and Development
All taxa studied thus far, excluding Chaenomeles and Sorbus, initiate a pair of ovule primordia near the base of the ventral ovary margin. In most taxa, the primordia develop into a pair of collateral apitropic ovules, each of which is associated with a funicular obturator (Evans and Dickinson 1999b, their figs. 20.96-20.99; and herein figs. 4B-4D, 6B-6F) . Ovule development in Crataegus and Mespilus also begins with initiation of a pair of basal collateral primordia ( fig. 10A, 10B ). During their development, the funiculus of one ovule elongates more than that of the other ( fig. 10C ), such that in mature flowers this ovule is positioned above the other in the locule and results in the superposed ovules observed within these two genera (Rohrer et al. 1994;  fig.  10D ). Although both ovules develop a funicular obturator ( fig. 10C ), only the micropyle of the basal ovule is in direct contact with its obturator (fig. 10D ).
Ovule initiation in Sorbus differs in that as many as four ovule primordia may be initiated near the base of the ventral ovary margin ( fig. 11A, 11B) . The bottom two primordia in the majority of ovaries observed here develop into a pair of collateral apitropic ovules, each associated with a funicular obturator ( fig. 11C, 11D ). Superposed ovules, however, have also been observed in some Sorbus ovaries (Rohrer et al. 1994) . It is still unclear as to the reason and the mechanism by which two of the ovule primordia are aborted during development. Remnants of aborted ovules were not observed in any of the ovary locules, and the presence of more than two ovules per locule was never observed. 
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Ovule initiation, development, and mature morphology in Chaenomeles flowers differs considerably from the biovulate members of subfamily Maloideae. Differences between Chaenomeles and biovulate Maloideae begin with the initiation of multiple ovule primordia from placentae along the entire length of each ventral margin in the locule. The ovule primordia develop perpendicular to, rather than parallel to, the ventral margin as observed in biovulate Maloideae and remain so through to maturity ( fig. 12B-12D; Church 1908) . The mature ovules, although anatropous, are pleurotropic with respect to the floral apex (Sterling 1966; Evans and Dickinson 1999a, 1999b) . A more subtle variation with ovules of Chaenomeles is the lack of funicular obturators associated with each ovule. Instead, the papillate obturator develops along the entire length of the ventral ovary margin ( fig. 12D) . Fig. 12 Ovule development in Chaenomeles. A, Side view of longitudinally dissected locule. Ovule primordia are visible on the large placenta that develops from the ventral ovary margin and extends into the locule. B, Ovule primordia developing perpendicular to the placenta and into the ovule locule. C, Side view of developing ovules; style is to the left of photo. Curvature of funiculus results in nucellus and inner and outer integuments growing toward the ventral ovary margin. When mature, the ovules will be anatropous, but pleurotropic with regard to their position in the ovary. D, Top view of two adjacent files of anatropous and pleurotropic ovules; ovary closure is at the bottom of the photo. The funiculi of the files of ovules are adjacent, and the micropyle of each ovule is associated with an obturator comprised of cells from the ventral margins of the ovary.
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Comparisons with Amygdaloideae, Rosoideae, and ''Spiraeoideae'' Floral Development
Floral development of the first three whorls of floral primordia is, for the most part, identical in the Maloideae, Amygdaloideae, Rosoideae, and ''Spiraeoideae.'' Sepal, petal, and stamen primordia are all initiated in multiples of five. Perianth primordia are initiated centripetally and comprise two whorls of five primordia each. Stamen primordia are typically initiated as three centripetal whorls, the first comprising 10 primordia and each of the next two with five primordia (Lindenhofer and Weber 1999a, 1999b) . Variation in stamen number arises from either deletion of one or both of the innermost two whorls (Evans and Dickinson 1996) or the addition of subsequent whorls of 10 stamen primordia ( fig.  8 ; Kemp et al. 1993) . Most of the variation in floral development and subsequent mature morphology is observed in the gynoecium and ovules.
In the Amygdaloideae, Rosoideae, and ''Spiraeoideae,'' many taxa initiate gynoecial primordia as distinct primordia (e.g., Fragaria, Sattler 1973; Rubus, van Heel 1983; Geum, van Heel 1984; Rosa, Kemp et al. 1993; Exochorda, Prunus, Oemleria, Evans and Dickinson 1999a; Spiraea, Evans and Dickinson 1999b) . In Maloideae, as well as Physocarpus and Sorbaria, initiation of individual gynoecial primordia is preceded by the development of a raised pad (figs. 2F, 3A for Gillenia) or ring primordium in the center of the floral apex ( fig. 5F; fig. 8A, 8C; fig. 9 ; Evans and Dickinson 1999b) . Subsequent development of individual gynoecial units is by differential growth on the apex of the central primordium (figs. 3A-3C, 6A; Evans and Dickinson 1999b) . The bases of the individual primordia remain connate throughout development through intercalary growth below their common bases ( fig. 3D; fig. 4A, 4C; fig. 6A ; fig. 8B, 8D ; Evans and Dickinson 1999b) .
Ovule development in many Rosaceae begins with the initiation of a pair of ovule primordia near the base of the ventral ovary margin (e.g., Maloideae, fig. 4B, 4C ; figs. 6, 10A; Vauquelinia, Evans and Dickinson 1999b; Amygdaloideae, Evans and Dickinson 1999a) . In Rosoideae studied thus far, and Hesperomeles and Osteomeles (Maloideae; Robertson et al. 1991) , only a single ovule primordium is initiated near the base of one ventral ovary margin (Sattler 1973; Kemp et al. 1993 ). Other taxa (e.g., Chaenomeles, Physocarpus, Sorbaria, Sorbus, and Spiraea) initiate multiple ovule primordia either near the base of the ventral ovary margin (e.g., Physocarpus, Evans and Dickinson 1999b; Sorbus, fig. 11A , 11D) or along its entire length (e.g., Chaenomeles, fig. 12A , 12B; Kageneckia, Sorbaria, and Spiraea, Evans and Dickinson 1999b). These differences result in a diversity of mature morphologies that range from pairs of collateral epitropic ovules (Amygdaloideae, Evans and Dickinson 1999a), clusters of apically inserted epitropic ovules (Sorbaria and Spiraea, Evans and Dickinson 1999b) , and pairs of collateral or superposed apitropic ovules (Maloideae, figs. 4D, 6F, 10D, 11D; fig. 20 .99 in Evans and Dickinson 1999b) . Physocarpus (''Spiraeoideae'') and some Maloideae (Chaenomeles and Kageneckia) have mature ovules that combine aspects of the above (e.g., Physocarpus, figs. 10.42-10.45, 11.50 in Evans and Dickinson 1999b), or they have pleurotropic multiovulate files in each ovary (e.g., Chaenomeles, fig. 12B-12D ; Kageneckia, figs. 3.9, 6.23 in Evans and Dickinson 1999b) .
Associated with the ovules of many Rosaceae, other than almost all Rosoideae (Evans 1999) , are obturators that are as variable in their position as the ovules with which they are associated. Obturators in Chaenomeles ( fig.  12D ) and Amygdaloideae (Evans and Dickinson 1999a) differentiate from cells on the ventral ovary margin. Obturators of Physocarpus, Sorbaria, and Spiraea also differentiate from cells on the ventral ovary margin, as well as cells of the funiculus (Evans and Dickinson 1999b) , while ovules of Kageneckia lack an obturator entirely (Evans and Dickinson 1999b) .
Floral Ontogeny and the Origin of Subfamily Maloideae
Recent molecular systematic studies of Rosaceae (rbcL, Morgan et al. 1994; nrITS, Campbell et al. 1995; GBSSI, Evans et al. 2000; Evans and Campbell 2002) place genera (Gillenia, Kageneckia, Lindleya, and Vauquelinia) traditionally ascribed to ''Spiraeoideae'' near the base of a large, well-defined clade that includes all Maloideae s.str. The most striking result of these molecular studies is the placement of Gillenia. Whereas Kageneckia, Lindleya, and Fig. 13 Line drawings demonstrating intercalary growth below the insertion points of perianth (P), androecium (A), and gynoecium (G), which leads to epigynous flowers in Maloideae. A corresponds to the early development of all Maloideae s.str. flowers examined. B and C correspond to differences observed in the degree of epigyny observed in Maloideae flowers. Redrawn from Leins (1972) .
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Vauquelinia all have base chromosome numbers similar to those of Maloideae s.str. (i.e., x¼15 or 17, Goldblatt 1976), Gillenia has a base chromosome number of x¼9. This led Evans and Campbell (2002) to propose that Maloideae arose by hybridization within a lineage that included Gillenia. Nonmolecular evidence that also supports this hypothesis includes association of the fungal pathogen Phragmidium with Gillenia, Vauquelinia, and many Maloideae s.str. (Savile 1979) ; ovule morphology; and similarities between fossil flowers of Paleorosa similkameenensis and those of Gillenia, Vauquelinia, and some Maloideae s.str. This hypothesis is further supported by the resemblance of Gillenia early gynoecial and ovule development (figs. 3, 4) to that found in Maloideae s.str. Therefore, based on available evidence, it appears that the evolution of connate hypanthial ovaries found in many Maloideae resulted from (1) initiation of a common central primordium prior to the differentiation of individual gynoecial units, which remain at least basely connate throughout development (as in some ''Spiraeoideae''; Evans and Dickinson 1999b) and either (2) intercalary growth below both the dorsal margin of the developing gynoecium and the developing hypanthium so as to produce a hypanthial ovary (e.g., fig. 13 ) or (3) development of a perigynous flower (e.g., Gillenia and Kageneckia, Evans and Dickinson 1999b; Lindleya and Dichotomanthes, Rohrer et al. 1994 ) if intercalary growth beneath the dorsal portion of the developing gynoecium and hypanthium does not take place during early stages of hypanthial development. Furthermore, initiation and development of pairs of basal collateral ovules with funicular obturators in each ovary appear to be the most common system in Maloideae, with relatively few exceptions (e.g., Chaenomeles and Kageneckia). Although the development and mature morphology of Physocarpus flowers (Evans and Dickinson 1999b) indicate that this genus could be the sister group to Maloideae, molecular data do not yet support any resolution of Maloideae sister-group relationships (Morgan et al. 1994; Campbell et al. 1995; Evans et al. 2000; Evans and Campbell 2002) . Phylogenetic relationships that are indicated by molecular data imply, moreover, that the changes in floral development leading to the Maloideae s.str. are not strictly irreversible: witness the perigynous flowers not only of basal genera Gillenia, Vauquelinia, and Lindleya but also of Dichotomanthes, a genus shown to be nested well within the Maloideae s.str. (Evans and Campbell 2002) .
